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The effects of pressure on antiferromagnetic (AFM) and superconducting phase transitions of 112-type
Ca1−xLaxFeAs2 were studied, and the in-plane electrical resistivity ρab was measured with an indenter-type pressure
cell. The AFM phase transition temperatures of TN = 47, 63, and 63 K at ambient pressure for x = 0.18, 0.21, and 0.26
was suppressed by applying pressure P, with superconductivity emerging at critical pressures of Pc ≃ 0, 1.5, and 3.4
GPa, respectively. Correspondingly, the slope of TN against P decreased as dTN/P ≃ −15 and −2 K/GPa for x = 0.21
and 0.26, respectively. Thus, although the AFM phase was stabilized with La doping x, the AFM phase was suppressed
by pressure, and superconductivity eventually emerged.
The parent compounds of most iron-based superconduc-
tors exhibit antiferromagnetic (AFM) ordering, and super-
conductivity emerges with high transition temperature, Tc,
when the AFM phase is suppressed by pressure or chemical
doping.1) Some iron-based superconductors, however, exhibit
AFM ordering that is induced by pressure or chemical sub-
stitution. For example, in hydrogen-doped LaFeAsO1−xHx,
the substitution of H− for O2− results in the suppression of
superconductivity, and an AFM phase emerges at x ≥ 0.4,
where the electrons are overdoped.2, 3) In phosphorous-doped
LaFeAs1−xPxO, an AFM phase emerges at 0.4 ≤ x ≤ 0.7
because of the substitution of P3− for As3−.4–7) Phospho-
rus doping also results in the emergence of an AFM phase
in (Ca4Al2O6)Fe2(As1−xPx)2 at 0.3 ≤ x ≤ 0.95.
8) In these
cases of phosphorus doping, no charge carriers are introduced
because phosphorus and arsenic are isovalent elements. A
pressure-induced AFM phase has been reported in FeSe at
P ≥ 0.8 GPa.9–12) Interestingly, in FeSe, the application of
higher pressures suppresses the AFM phase, and the super-
conducting transition temperature Tc exhibits a sudden in-
crease up to 38 K at 6 GPa.13)
Very recently, a novel iron-based superconductor ex-
hibiting doping-induced AFM ordering has been discov-
ered in the 112-type compound Ca1−xLaxFeAs2.
14–18) The
Ca1−xLaxFeAs2 compound crystallizes into a monoclinic
structure with space group P21 (No. 4, C
2
2
) with alter-
nately stacked FeAs and Ca1−xLaxAs layers along the c-
axis. While the end member, or the parent compound with-
out La doping CaFeAs2, was not obtained, the substitution
of La for Ca stabilized the 112 phase at 0.15 ≤ x ≤ 0.27
for Ca1−xLaxFeAs2. The highest value of Tc = 35 K has
been found at x = 0.15 in Ca1−xLaxFeAs2.
15) Substitu-
tion of Sb3− for As3− further enhanced Tc up to 47 K in
Ca1−xLaxFe(As1−ySby)2.
16, 19) Moreover, 75As nuclear mag-
netic resonance (NMR) measurements revealed that the sub-
stitution of La3+ for Ca2+ in Ca1−xLaxFeAs2 suppresses super-
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conductivity and results in AFM ordering with a Ne´el tem-
perature of TN = 70 K for x = 0.24, where the electrons
are thought to be overdoped.20) Subsequently, neutron diffrac-
tion measurements of Ca0.73La0.27FeAs2 revealed a stripe-
type AFM ordering at TN = 54 K, following a monoclinic-
to-triclinic structural phase transition at Ts = 58 K.
21) In-
terestingly, the AFM ordering induced by La-doping is sup-
pressed by the doping of either Co or Ni, and superconduc-
tivity emerges in Ca0.74(1)La0.26(1)Fe1−yCoyAs2 at y > 0.02
22)
and in Ca1−xLaxFe1−yNiyAs2 at y > 0.004 and x = 0.18 and
0.24.23) Although both La and Co/Ni doping produce elec-
tron charge carriers, La and Co/Ni doping have opposing ef-
fects in Ca1−xLaxFeAs2 materials: La doping suppresses su-
perconductivity and induces AFM ordering, while Co/Ni dop-
ing suppresses AFM ordering and induces superconductivity.
This raises the question of whether the application of pres-
sure enhances AFM ordering, as in the case of La doping, or
suppresses AFM ordering, as in the case of Co/Ni doping.
In this paper, we present the results of resistivity mea-
surements under various pressures in Ca1−xLaxFeAs2 with
x = 0.18, 0.21, and 0.26, which exhibited AFM ordering at
TN = 47, 63, and 63 K, respectively. Our results revealed
that the application of pressure suppressed the AFM order-
ing and induced superconductivity. Thus, the AFM ordering
of Ca1−xLaxFeAs2 exhibited a “normal” response to pressure.
Single crystals of Ca1−xLaxFeAs2 were grown by heating a
mixture of Ca, La, FeAs, and As powders as described else-
where.16) The La content x was analyzed by energy-dispersive
X-ray spectrometry. The in-plane electrical resistivity ρab was
measured with a standard four-probe method. Pressure was
generated in an indenter-type pressure cell,24) and we used
Daphne 7474 as pressure-transmitting medium.25) The ap-
plied pressure was determined from the superconducting tran-
sition temperature Tc of the lead manometer as P = [Tc(0) −
Tc(P)]/0.364 in GPa.
26, 27)
Figures 1(a)–1(f) show the temperature dependence of ρab
and its temperature derivative dρab/dT as a function of tem-
perature T under different pressures in (Ca1−xLax)FeAs2 with
x = 0.18, 0.21, and 0.26. At the highest doping x = 0.26 and
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Fig. 1. (Color online) Temperature dependence of ρab and its temperature derivative dρab/dT under various pressures in (Ca1−xLax)FeAs2 with x = 0.26,
0.21, and 0.18. The blue dotted arrows indicate the antiferromagnetic transition temperature TN determined by a peak in dρab/dT . The red solid and broken
arrows indicate the superconducting transition temperature Tc, where zero resistivity was observed, and the onset temperature T
onset
c , where dρab/dT exhibited
a steep increase upon cooling, respectively.
ambient pressure, ρab showed a kink at approximately 65 K,
which became more evident in the dρab/dT vs. T data, which
had a peak at 63 K, as shown in Fig. 1(b). Previous neutron
diffraction and transport measurements at x = 0.27 confirmed
that the peak in dρab/dT was belonging to the AFM transition
temperature TN.
21) Accordingly, we determined TN = 63 K
from the peak temperature of dρab/dT . Compared to tempera-
ture values in previous reports, this transition temperature was
consistent with, but slightly different from, TN = 70 K, which
was determined by NMR measurements for x = 0.24,20) and
TN = 54 K, which was determined by neutron diffraction mea-
surements for x = 0.27.21) The monoclinic-to-triclinic struc-
tural phase transition temperature Ts cannot be obtained from
the dρab/dT vs. T curve, which may have a kink at Ts at
a slightly higher temperature than TN, as reported by Jiang
et al.21)
As shown in Figs. 1(a) and 1(b), TN gradually decreased
with the increasing pressure. The peak in dρab/dT became
considerably broader above 2.3 GPa, but it was still existing
up to 3.4 GPa, which was the maximum pressure measured.
At 3.4 GPa, we found a superconducting transition at Tc = 14
K, which was determined from zero resistivity and is indi-
2
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Fig. 2. (Color online) Pressure–temperature phase diagrams determined
by resistivity measurements for (Ca1−xLax)FeAs2 with x = 0.26, 0.21, and
0.18. Here, AFM and SC denote the antiferromagnetic and superconduct-
ing phases, respectively. Triangles represent the antiferromagnetic transition
temperature TN, while filled and open circles represent the superconducting
transition temperature Tc, where zero resistivity was observed, and the onset
temperature T onsetc , where dρab/dT exhibited a steep increase upon cooling,
respectively.
cated by a red arrow in Fig. 1(a). This is the first example of
pressure-induced superconductivity in a 112 system. We de-
termined an onset temperature T onsetc , where dρab/dT exhib-
ited a steep increase with the decreasing temperature, as indi-
cated by a broken red arrow in Fig. 1(b). While it was unclear
whether the AFM phase microscopically coexisted with su-
perconductivity in the present resistivity measurements, based
on magnetic susceptibility and µSR measurements, the mi-
croscopic coexistence of superconductivity and antiferromag-
netism in Ca0.74(1)La0.26(1)Fe1−yCoyAs2 was reported.
21)
Thus, the determined TN, Tc, and T
onset
c values are summa-
rized in the P–T phase diagram for Ca1−xLaxFeAs2 with x =
0.26, as shown in Fig. 2(a). The sample exhibited an AFM or-
dering at TN = 63 K at ambient pressure. The transition tem-
perature TN decreased with the increasing pressure P by an
initial slope of dTN/dT ≃ −8.6 K/GPa. At higher pressures,
the slope decreased with dTN/dT ≃ −2 K/GPa, suggesting
that the AFM phase of x = 0.26 was robust against pressure,
while TN decreased to 49 K at 3.4 GPa. Superconductivity at
Tc = 14 K suddenly emerged at this pressure, which we de-
fined as the critical pressure Pc (= 3.4 GPa).
In the same manner, we obtained pressure–temperature
phase diagrams for x = 0.21 and 0.18, as shown in Figs.
2(b) and 2(c), respectively. The x = 0.21 sample exhibited
an AFM transition at TN = 63 K, which was almost the same
as that observed for x = 0.26, at ambient pressure. However,
the transition temperature TN rapidly decreased with the in-
creasing pressure by a slope of dTN/dP ≃ −15 K/GPa, which
was noticeably steeper than that observed for x = 0.26. Corre-
spondingly, superconductivity emerged at Pc = 1.5 GPa, and
Tc approached a maximum value of 32 K at 3.8 GPa. It was
not clear whether the AFM phase coexisted with supercon-
ductivity at P > Pc (= 1.5 GPa) in the present resistivity mea-
surements, because the onset of the superconducting transi-
tion at T onsetc prevented the observation of any anomalies that
can be associated with AFM transition at TN (< T
onset
c ). For
the x = 0.18 sample, the AFM phase was reduced to TN =
47 K, and superconductivity emerged at Tc = 20.5 K at am-
bient pressure. A maximum of Tc = 36.3 K was observed at
1.3 GPa, which was consistent with a previous report.28) The
AFM transition was not observed at P > 1.3 GPa, as observed
from the monotonic temperature dependence of ρab in the nor-
mal state shown in Fig. 1(e).
Our experimental results clearly demonstrate that the ap-
plication of pressure suppressed the doping-induced AFM
ordering, and resulted in a superconducting phase. Reason-
able nesting, which is essential to the AFM ordering, was ob-
served between the Fermi surfaces at the Γ and M points by
angle-resolved photoemission spectroscopy measurements in
Ca0.73La0.27FeAs2.
21) Thus, we believe that the application of
pressure weakened the Fermi surface nesting and resulted in
superconductivity.
The pressure dependence of TN and Tc determined by in-
plane resistivity ρab has been investigated in Ca1−xLaxFeAs2
(x = 0.18, 0.21, and 0.26) in order to understand the effect of
pressure for doping-induced AFM ordering. When pressure
was applied, TN decreased, and superconductivity appeared
after the suppression of AFM ordering. This is the first exam-
ple of pressure-induced superconductivity in a 112 system.
The critical pressure Pc, defined as the pressure where zero
resistivity is observed, was ≃ 3.4, 1.5, and 0 GPa for x =
0.26, 0.21, and 0.18, respectively. The effect of pressure for
the AFM ordering and superconductivity is opposite to that
of La doping, but similar to those of Co and Ni doping.
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